Background: It is not clear how physical activity affects body composition in adolescents. Physical activity levels are often reduced during this period, and the relative proportion of body fat mass and lean mass undergo natural changes in growing adolescents. We aimed to examine whether self-reported physical activity in leisure time at baseline or change in activity during follow-up affect changes in four measures of body composition; body mass index (kg/m 2 ), waist circumference, fat mass index (fat mass in kg/m 2 ) and lean mass index (lean mass in kg/m 2 ). Methods: We used data from the Tromsø Study Fit Futures, which invited all first year students in upper secondary high school in two municipalities in northern Norway in 2010-2011. They were reexamined in 2012-2013. Longitudinal data was available for 292 boys and 354 girls. We used multiple linear regression analyses to assess whether self-reported level of physical activity in leisure time at baseline predicted changes in body composition, and analysis of covariance to assess the effects of change in level of activity during follow-up on change in body composition. All analyses were performed sex-specific, and a p-value of < 0.05 was considered statistically significant.
Background
Overweight or obesity in adolescence is a major risk factor for the same conditions as an adult [1] , and therefore a risk factor for cardiovascular disease, type II diabetes, several types of cancer and musculoskeletal disorders in adulthood [2] . More than 20% of adolescents in Norway were in 2010 classified as overweight or obese [3] . Among adolescents in the Western world there is evidence for a plateauing of the obesity epidemic at a high level [4] . In Norwegian men and women, the prevalence of both overweight and obesity is increasing [5] [6] [7] . Studies have shown that adolescent lifestyle tend to persist into adulthood [8, 9] , emphasizing the importance of preventing overweight and obesity in this period of life. A systematic review on the relationship between body composition and physical activity in adolescents showed conflicting results, with reverse causality suggested as a possible explanationmeaning that overweight and obesity could be both a cause and an effect of low physical activity [10] . The relationship is further complicated by associations with sedentary behavior, nutrition, socioeconomic status and genetics [11] [12] [13] [14] .
There are several ways to quantify physical activity in adolescents. The use of direct observation of individuals or doubly labelled water has been suggested as gold standards, but questionnaire data are more feasible, domain specific and common in observational studies [10] . However, it must be acknowledged that self-reported physical activity tends to exaggerate the true amount of physical activity when compared to data from, for instance, accelerometers [15] .
Arguably, the most common measure of body composition is body mass index (BMI, body weight in kg/ m 2 ), but its ability to identify changes in adiposity is limited as it does not distinguish between changes in fat mass and changes in lean mass [16] . This is a challenge when studying body composition in growing adolescents because boys naturally tend to gain more muscle mass than girls, while girls naturally gain more fat mass [17] . In addition to BMI, we therefore included waist circumference, fat mass index (FMI, fat mass in kg/m 2 ) and lean mass index (LMI, lean mass in kg/m 2 ) as measures of body composition in the present study. Waist circumference is an anthropometric measure which is specific to abdominal fatness [18] . FMI and LMI has been advocated as good measures of changes in adiposity in longitudinal studies because they measure fat mass and lean mass in relation to height [17, 19] . There are few studies investigating the longitudinal association between selfreported physical activity and tissue specific measures of body composition in adolescents [10] , with a majority of those available using BMI as the primary outcome. To our knowledge, no studies modelling the association between physical activity and changes in FMI or LMI have been performed in Norway. Some international evidence points to a positive association between physical activity over the course of adolescence and LMI at age 18, but a less clear relationship with FMI [20] . Furthermore, higher self-reported physical activity has been associated with a positive change in lean mass [21] , but not in fat mass [22] .
We examined whether self-reported physical activity during leisure time was associated with change in measures of body composition after 2 years in upper secondary school in a cohort of adolescents in northern Norway; from a first measurement in 2010-2011 to a second measurement in 2012-2013. We further investigated whether changes in body composition differ between adolescents who are persistently inactive, persistently active, adopt activity or quit activity over the same period.
Methods
The Tromsø Study Fit Futures is a population-based cohort study, conducted in 2010-2011 (Fit Futures 1) and repeated in 2012-2013 (Fit Futures 2). The study invited all students in their first (Fit Futures 1) and third (Fit Futures 2) year of upper secondary school in the neighboring municipalities of Tromsø and Balsfjord in northern Norway. Fit Futures 1 invited 1117 students, with 1038 (93%) attending. Fit Futures 2 invited 1130 students and 870 (77%) attended. The participants in both studies answered a questionnaire and underwent a clinical examination at the clinical research unit at the University Hospital in Northern Norway, as detailed previously [23] . The present study includes only those participating in both Fit Futures 1 and Fit Futures 2. We excluded participants aged 18 years or older at baseline (Fit Futures 1), those without valid measurements of BMI, waist circumference, FMI and LMI at baseline and follow-up, and participants without information on physical activity at baseline. Altogether 292 boys and 354 girls were eligible for analyses.
Body weight was measured to the nearest 100 g with light clothing and height was measured to the nearest 0.1 cm on a Jenix DS 102 automatic electronic scale/stadiometer (Dong Sahn Jenix, Seoul, Korea). Waist circumference was measured to the nearest cm after expiration and at the height of the umbilicus. Total body fat mass and total body lean mass was measured using GE Lunar Prodigy dual-energy x-ray absorptiometry scanner (Lunar Corporation, Madison, Wisconsin, USA). Lean mass is comprised of all bodily tissue except fat and bone. Based on these measurements, Fat Mass Index (FMI, fat in kg/height in meters 2 ) and Lean Mass Index (LMI, lean mass in kg/height in meters 2 ) was calculated.
The prevalence of overweight or obesity in Fit Futures 1 was determined by applying the International Obesity Task Force body mass index reference values for adolescent populations, using age in half years [24, 25] . The participants were classified as underweight, normal weight, overweight or obese. These reference values correspond to an adult (aged 18 and above) BMI of < 18.5 kg/m 2 , 18.5 ≤ BMI < 25 kg/m 2 , 25.0≤ BMI < 30 kg/m 2 , and BMI ≥ 30.0 kg/m 2 , respectively.
The outcomes in this study were change in BMI, waist circumference, FMI and LMI between Fit Futures 1 and Fit Futures 2. The other variables included in the analyses were derived from the questionnaires. Our primary exposure was self-reported physical activity in leisure time, measured using the question "Are you physically active outside school hours? Yes/no". Those answering "No" were labelled as physically inactive. Those answering "Yes" were asked "How many hours per week are you physically active outside of school hours?". This question was used in the Health Behavior in School Children study and was validated for an adolescent population [26] . There are six response categories, from none to more than 7 h per week. One person in Fit Futures 1 reported "none" on this question, and was therefore also labelled as physically inactive. "About half an hour" and "About 1 to 1.5 hours" were combined, while the other responses were maintained unaltered. Together they formed the categorical physical activity variable used in the analyses.
Change in physical activity from baseline to follow up was defined by a dichotomous variable -"Active/inactive"created based on the physical activity variable as described above. Being active was defined as physical activity ≥2 h per week. Those who were active in both surveys were labelled "consistently active" and those who were inactive in both were labelled "consistently inactive". The participants who became active between surveys (increased level of activity from < 2 h to ≥2 h per week) were labelled "adopters". Participants who reduced their level of activity from ≥2 h to < 2 h per week were labelled "quitters". A similar approach has been used in other studies [27, 28] . In addition to the primary exposures, we included baseline measurements of hours per weekday outside of school hours spent in front of a computer or TV (screen time), age in half years, study specialization (which was either general, sports or vocational subjects) and regularity of eating breakfast in the analyses as possible confounders.
Puberty is associated with body composition in adolescents, but in this particular cohort, data from the Pubertal Development Scale (PDS) was missing in a substantial number (17.8%) of boys. We explored the effect of adjusting for PDS or age at menarche (in girls) in complete case analyses, but as this had no substantial impact on results, we did not include the variables in the final model.
Statistics
Results are presented sex-specific. We used descriptive statistics to determine the prevalence of overweight and obesity, levels of physical activity, mean values of BMI, waist circumference, FMI and LMI at baseline and followup as well as changes in BMI, waist circumference, FMI and LMI. Categorical variables were presented as proportions in percentages with number of subjects (n), while continuous variables were presented as means with standard deviation (SD) ( Table 1 ). The associations between baseline physical activity and longitudinal changes in BMI, waist circumference, FMI and LMI were assessed using linear regression, with hours of physical activity coded to reflect the number of hours they represent. The associations with changes in activity status were assessed by analysis of covariance. As current body composition may affect the associations between physical activity and change in body composition, we adjusted all analyses for the baseline values. In the fully adjusted model we also included baseline measurements of sedentary behavior (screen time), study specialization, regularity of eating breakfast and age in half years, in addition to the time between baseline and follow-ups. We have presented adjusted beta coefficients for change in outcome at each level of physical activity at baseline ( Table 2) or change in activity status (Table 3 and Table 4 in Appendix). A pvalue of less than 0.05 was considered significant.
All statistical analyses were performed using STATA, version 14 (StataCorp, College Station, Texas, USA). Table 1 shows the descriptive characteristics of the study population. Mean BMI increased by 1.2 units for boys, and 0.8 units for girls between the surveys. On average, boys experienced a larger increase of both body height and body weight than girls. In boys, the combined prevalence of overweight and obesity (BMI ≥ 25) increased from 21.2 to 28.1%, while for girls it increased from 18.9 to 20.9%. Waist circumference increased less in girls (1.1 cm) than in boys (3.2 cm). Both sexes experienced a similar increase in FMI (0.7 kg/m 2 in boys and 0.6 kg/m 2 in girls). Boys experienced a small increase in LMI (0.4 kg/m 2 ), whereas in girls there was no change. The proportion of adolescents classified as active in leisure time (active ≥ 2 h per week) decreased by 6%-points for boys and 12.2%-points for girls between the surveys.
Results
There was no statistically significant linear effect of physical activity levels reported in 2010-2011 on change in neither BMI, FMI nor LMI during the following 2 years (Table 2 ). This was true for both sexes and also after adjustments. There were indications of a linear, inverse relationship with waist circumference in boys (p = 0.05), whereas a non-significant positive relationship was seen in girls. The most active boys gained less in BMI, waist circumference and FMI relative to the inactive, albeit not statistically significant. In contrast, the most active girls experienced a statistically significant higher adjusted increase in BMI (0.74 (95% CI: 0.04, 1.44)), waist circumference (2.80 (95% CI: 0.02, 5.57)) and FMI (0.90 (95% CI: 0.27, 1.53)) compared to the inactive girls. Stratified analyses including only girls who were active more than 6 h per week at baseline showed no difference in mean increase of BMI, FMI or waist circumference in consistently active girls compared to girls who reduced their level of physical activity. In boys, LMI increased most in those who at baseline were active between 0.5 and 1.5 h per week, but the increase was not significantly different from that observed among the inactive (0.26 (95% CI: − 0.09, 0.61)). In girls, change in LMI differed little across level of activity. Table 3 presents changes in BMI, waist circumference, FMI and LMI according to change in activity status from 2010 to 2011 to 2012-2013. In both sexes, neither quitting activity nor adopting activity, relative to remaining inactive, was significantly associated with change in BMI or waist circumference. The consistently active boys had a significantly lower increase in waist circumference compared to the consistently inactive (− 2.32 (95% CI: − 4.40, − 0.24)). The largest increase in BMI and FMI (and for girls, also waist circumference) was observed among those quitting activity during follow-up, but this was not statistically significantly different from change among those who remained inactive.
In boys, changes in FMI were significantly different between activity groups (p < 0.01), with adopters (− 1.04 (95% CI -1.76, − 0.32)) and the consistently active (− 0.62 (95% CI: − 1.17, − 0.06)) gaining significantly less FMI than the consistently inactive. The difference in change in FMI comparing adopters and quitters was also statistically significant (− 1.06 (95% CI: − 1.83, − 0.28)) ( Table 4 in Appendix). In girls there was no statistically significant difference in change of FMI between categories of activity, with the exception of the consistently active which gained less than those quitting activity (− 0.53 (95% CI: − 1.00, − 0.05)) ( Table 4 in Appendix).
In boys, there was no statistically significant difference in change in LMI between the groups. In girls, change in LMI differed significantly between groups (p = 0.04). Girls who adopted activity between surveys experienced greater increase in LMI than the consistently inactive, but the difference was not of statistical significance (0.23 (95% CI: − 0.02, 0.49)). Compared to those quitting activity, girls who were consistently active (0.22 (95% CI: 0.03, 0.41)) or adopted physical activity (0.32 (95% CI: 0.07, 0.58)) experienced a statistically significantly higher increase in LMI ( Table 4 in Appendix).
Discussion
In this population-based longitudinal study of changes in body composition in adolescents, there was, with the exception of waist circumference in boys, no linear association between self-reported leisure time physical activity and 2year changes in indices of body composition. Change in physical activity was associated with statistically significant different changes in FMI. Boys who increased their physical activity during follow-up decreased their FMI compared to groups of boys quitting or remaining inactive, while consistently active girls experienced less increase than those reducing activity. Change in physical activity in girls was associated with statistically significant different changes in LMI. Girls who adopted physical activity increased their LMI compared to girls quitting activity.
Body weight, BMI and waist circumference increase during natural growth in children and adolescents, and it is therefore challenging to separate healthy-from unhealthy body development. Although the direction and magnitude of change will vary between individuals, a general increase in all the included measures of body composition is expected during this phase of life given the bodily-and hormonal changes that naturally takes place in adolescents [21] . Physical activity has positive health effects, but the associations with changes in adiposity among adolescents is complicated and conflicting results have been reported [29] . We found weak relationships between the frequency of leisure time physical activity at baseline and change in body composition, suggesting that change in body composition in this age group was mainly independent of level of self-reported physical activity. Girls who were most active at baseline had put on adipose tissue after 2 years (Table 2) . A possible explanation could be that the increase occurred in girls who were active at baseline, but reduced their activity during follow up. Stratified analyses in categories of girls who were active more than 6 h per week at baseline did not support this explanation. Our findings are, however, in line with those of Kettaneh et al., who found that girls in the highest category of activity also experienced the largest increase in BMI, waist circumference, sum of skinfolds and percent body fat [17] . LMI remained unaltered between Fit Futures 1 and Fit Futures 2 ( Table 1 ), suggesting that LMI changes little in females during late adolescence.
Lean mass is comprised of muscles and all bodily tissue except fat mass and skeletal mass. Since muscles are particularly important for oxidization of fat, they are also determinants of energy balance [30] , and although physical activity increases muscle mass it is not the sole component of energy expenditure. Total energy expenditure is comprised of resting metabolic rate, the thermic effect of food, bodily movement and, for children and adolescents; energy required for growth [31] . This means that although physical activity declines, the effect on total energy expenditure is modest [17] . Adiposity is the result of a whole range of lifestyle-, sociocultural-and genetic factors. It is therefore difficult to pinpoint the impact of one behavior, and it is possible that factors other than physical activityand changes in these, exert more influence on change in body composition [32] .
Physical activity levels change rapidly in adolescents [33] , thus challenging our ability to measure and capture the effect of physical activity on body composition in adolescents. Thus, a baseline measurement may be only modestly associated with prior-or future physical activity [31] . For instance, O'Loughlin et al. reported effects of physical activity on changes in adiposity after 1 year, but not 2 years in girls, and only after 2 years in boys. The authors hypothesized that change in levels of physical activity over followup may have contributed to the differences [34] .
Boys adopting activity experienced a slight decrease in FMI between surveys. This finding differs from the observed increase in all other measures of body composition in both sexes, and in all other sub-groups of activity change. With the exception of waist circumference and FMI in boys, change in all measures of body composition among the consistently active did not differ statistically significantly from changes in the consistently inactive. Physical activity has a limited potential to affect the difference between these groups [32] . In the consistently inactive, there is less room for unhealthy weight gain as a result of inactivity. Conversely, among the consistently active there is less potential for preventing unhealthy weight gain through increased activity. These groups may be more susceptible to unhealthy weight gain through factors other than, or in addition to, physical activity. This can be considered as floor-and ceiling effects of physical activity, and means that the potential for activity related changes in adiposity is greatest among those who change their level of activity. The prevalence of physically active adolescents declined in our study, and for both sexes there was a rather consistent, albeit not statistically significant, pattern of the highest increase in BMI, waist circumference (not in boys) and FMI in those quitting activity. These findings indicate that those who reduce their level of activity over the course of adolescence are susceptible to unhealthy weight gain. This is of concern, since total activity decreases by 7% annually in adolescents [33] . Boys who adopted physical activity reduced their FMI between surveys and had the highest increase in LMI, indicating that the inactive may profit from increasing level of physical activity. In girls, we observed a statistically significant difference in change of FMI between those who were consistently active and those quitting activity, suggesting that there are negative consequences of reducing level of physical activity. However, girls naturally increase fat mass over the course of adolescence, whereas the same is true for lean mass in boys [17] . It is therefore possible that an increase in FMI in girls occurs regardless of activity level, whereas for boys, this may be prevented through activity. This can also explain why there was no significant associations between change in activity and change in BMI, as BMI does not distinguish between the overweight inactive (with high FMI) and the overweight active (with high LMI) [35] .
Individuals may have, and report, high levels of physical activity because they try to lose weight, or they may have low (or high) body weight because of high activity. The problem of reverse causality applies also to longitudinal studies, as overweight adolescents may avoid engaging in physical activity on account of feeling inferior relative to their active peers [31, 36] . Self-reported physical activity is prone to information bias [26] and individuals tend to overestimate the true amount of their physical activity. This can potentially dilute an association with measures of body composition [15] . Furthermore, self-reported physical activity in leisure time does not capture the total level of activity, which can include active transportation to school and friends, physical education and other types of leisure time activity. Objective measures of physical activity can produce more accurate estimates, but are not necessarily associated with changes in adiposity [37] . Finally, studies have suggested that the intensity of activity is more important than the total amount of activity for adiposity [38, 39] . In our study, complete data on perceived physical activity intensity were not available, but in complete case analyses the inclusion of self-reported intensity did not affect results.
This study had several strengths, including the longitudinal design, the high participation rate and the inclusion of four objective measures of body composition. A limitation is the use of self-reported physical activity and the lack of full adjustment for dietary habits, since a validated foodfrequency questionnaires or similar was not included in the study. Another limitation is the lack of adjustment for pubertal development due to missing data. However, in boys, the vast majority (≈73%) of complete cases reported pubertal maturation to be "underway", meaning that the effect of adjusting for PDS would likely be small. Inclusion of PDS in complete case analyses did not indicate confounding by pubertal development. Another limitation is lack of adjustment for socioeconomic status. In the Fit Futures survey, a substantial number of participants reported not knowing parental level of education, thus limiting the possibilities for adjusting for this variable. However, the inclusion of study specialization in the analyses likely adjusts for some of the variance in socioeconomic status in adolescents [40, 41] . Lastly, in our study the length of follow-up was approximately 2 years, but in a population undergoing natural changes in body composition, it may take more time before physical inactivity manifests in body composition. The 3rd survey of the Fit Futures Study is in planning and will enable further research on how physical activity in late adolescence affects changes in body composition in early adulthood.
Conclusion
In this longitudinal study of changes in objectively measured body composition, we found that consistently inactive boys increased significantly more in fat mass index compared to those adopting physical activity or remaining consistently active, and that girls adopting physical activity increased their lean mass index significantly more than those who reduced physical activity. Adolescence is a time of transformation and it is challenging to pinpoint the effect of one behavior on change in body composition. Physical activity should nevertheless be encouraged because of the health benefits other than the prevention of adiposity. 
